A systematic review on bowel management and the success rate of the various treatment modalities in spina bifida patients SV Velde, SV Biervliet, RD Bruyne and MV Winckel Study design: Systematic review. Objectives: To determine the different treatment modalities aimed at achieving fecal continence in spina bifida (SB) patients and their effectiveness. Setting: International literature. Method: Electronic databases were searched ('Pubmed', 'Web of science', 'CINAHL' and 'Cochrane') identifying studies published since the mid-eighties and screened for relevance according to the Centre for Reviews and Dissemination procedure guidelines. A total of 37 studies were selected for inclusion. Results: Studies on toilet sitting, biofeedback, anal plug, retrograde colon enemas (RCE) and antegrade colon enemas were found. Fecal continence was achieved in 67% of SB patients using conservative methods (n ¼ 509). In patients using RCE (n ¼ 190) an 80% continence rate was reached. Patients following surgical treatment (n ¼ 469) reached an 81% continence rate, however, 23% needed redo surgery because of complications. Better fecal continence was associated with an improved quality of life, which was negatively influenced by the amount of time spent on bowel management. Conclusion: Evidence favors an individually tailored stepwise approach with surgery as a final step in case of failure of conservative measures. Continued specialized support throughout life remains important to maintain continence. Cross-over and comparative trials are needed in order to optimize treatment.
INTRODUCTION
Spina bifida (SB) or meningomyelocele is a complex neuroembryological disorder resulting from a variable degree of incomplete closure of the posterior neural tube. Clinical presentation is highly variable and depends on the localization of the defect along the spinal cord and the degree of incomplete closure. These patients present with a spectrum of impairments but the primary functional deficits are lower-limb paralysis and sensory loss, bladder and bowel dysfunction and cognitive dysfunction. 1 In the majority of patients the lower regions of the spine are affected, resulting in dysfunction of the distal gastrointestinal tract: rectum, anus and anal sphincter. Voluntary control of defecation requires normal rectal sensation, peristalsis and normal anal sphincter function. Two primary involuntary reflexes, the intrinsic and parasympathic reflex, located at sacral level 2-4, initiate defecation. The pudendal nerve, responsible for voluntary defecation, controls the opening and closing of the external anal sphincter. Nerve damage above the S2 level will impair both involuntary reflexes and pudendal nerve function. Loss of the involuntary reflexes perturbs rectal sensation and initiation of defecation. Damage of the pudendal nerve leads to partial or total loss of the voluntary sphincter control. Perturbation of these processes will result in bowel incontinence, which is often associated with constipation in SB patients. 2, 3 Fecal incontinence in SB patients is reported to be present in 28-53%, regardless of the therapy used. [4] [5] [6] [7] Fecal and urinary incontinence importantly affect quality of life (QoL) in SB patients and form a major barrier to attending school, obtaining employment and sustaining relationships. Krogh et al. 4 report that 66% of SB patients older than 6 years with fecal incontinence perceive incontinence as having a negative influence on their social activities. Lie et al. 8 report that 75% of SB patients with urinary incontinence regard incontinence as a stress factor.
REVIEW QUESTION
A systematic literature review was performed regarding treatment modalities for constipation and/or fecal incontinence in SB patients and their success rate. Treatment success is defined as fecal continence that corresponds to stool losses less than once a month.
REVIEW METHOD
The review is performed following the guidelines of the Centre for Reviews and Dissemination procedures. 9 Exclusion criteria:
-No data on outcome of treatment for SB patients -Review, opinion or editorial pieces
Study identification
The following databases were used for study identification: 'Pubmed' and 'Web of science' , 'CINAHL' and 'Cochrane' database. A search was performed in March 2013. The following Mesh terms were used: 'spina bifida and bowel management' , 'spina bifida and fecal incontinence' , 'spina bifida and enema' 'myelomeningocele and bowel management' , 'myelomeningocele and fecal incontinence' and 'myelomeningocele and enema' . The search covered studies published since 1986 as this was the start of important bowel management evolutions, with the introduction of retrograde colon enemas (RCE) by Shandling 10 and some years later the antegrade colon enema (ACE) by Malone. 11 This database search resulted in a selection of 37 papers (see flowchart). [4] [5] [6] [7] 10, A limitation of the review is the lack of search in gray literature as well as the absence of expert contact to attain more information on the subject.
Data extraction was performed independently by two authors to avoid selection bias in the process. From the full copies retrieved, two articles were not retained by both authors.
RESULTS
A total of 37 studies were included in the review. [4] [5] [6] [7] 10, Most studies were observational studies with retrospective or prospective data on SB patient cohorts in a single or multiple center setting. Only two were randomized clinical trials on the use of electrical stimulation, of which one was double-blind controlled 23 and one was patient-blinded. 26 All studies had a low grade of recommendation. 44 Clinical data were collected using questionnaires, 6, 7, [12] [13] [14] [15] 17, 19, [23] [24] [25] 29, 30, 34, 35, 37, 43 neurogenic bowel dysfunction scales, 20, 26, 45 QoL questionnaires 4, 16, 21, 22, 27, 28, 31, 32, 38, 41 or child behavior checklists. 4, 31 The collection methods were interviews during follow-up visits 6, 15, 20, 25, 43 or telephone contacts 4, 7, 12, 17, 23, 32, 38 or both. 16, 31, 37, 41 The follow-up period of SB patients after starting bowel management varied from 3, 15, 19, 20, 22, 23, 41, 42 over 12, 12,13,21,25,31 30 [16] [17] [18] [27] [28] [29] [30] 34, 39 and 60 months 24, 32, 33, 35, 36, 40, 43 to 120 months. 38, 43 To explore different treatment modalities for bowel management in SB and their effectiveness the studies were grouped according to the treatment modality: conservative bowel management (16 studies), electrical stimulation (4 studies) and non-conservative (surgical) bowel management (17 studies).
Conservative bowel management
The studies on conservative bowel management are summarized in Table 1 . From the 16 studies, 1 reported on toilet sitting, 2 on biofeedback, 1 on anal plug use, 4 on a stratified treatment strategy and 8 on RCE.
Most studies on bowel management used the above-mentioned strict continence definition (no stool loss or stool loss less than once a month). 4, 6, 12, [16] [17] [18] [19] [20] [21] Some studies gave no definition 7, 13, 15 or used a lessstrict definition. 5, 10, 14, 22 The results for fecal pseudo-continence achievement using conservative bowel management varied from 36 13 to 100%. 10 In order to calculate the combined continence rate, only the studies using the strict continence definition of stool losses less than once a month were used. Fecal pseudo-continence was achieved in 67% (341/509).
Looking only at the studies on RCE (n ¼ 8), fecal pseudocontinence was achieved in 80% (144/190). Two studies reported on the effect of RCE on constipation. Mattsson et al. 19 reported absence of constipation when using RCE, whereas Ausili et al. 20 reported 60% (36/60) constipation relief using RCE. In both studies, all SB patients suffered from constipation at the start. The irrigation fluid used was saline in 3, 10, 16, 18 tap water in 4 17, 19, 21, 22 and one did not mention the fluid type used. 20 The irrigation volumes used were sometimes fixed body weight-related quantities (20 ml kg À1 ) 10, 16, 17 or varied between 300 19 and 616 ml. 21 The time spent on treatment was not often reported 7, [12] [13] [14] [15] 17, 20 and if reported varied from 15 5, 10, 16, 21, 22 over 30 min 18 to 60 min. 19 Krogh et al. 4 described a threefold increase in treatment time when comparing RCE with digital evacuation.
Although achieving fecal pseudo-continence is the primary treatment goal, patient satisfaction is an important secondary goal. Results on satisfaction could not be compared as all reporting studies used different questionnaires and scales. Some studies reported an improvement of satisfaction or a high satisfaction rate associated with successful bowel management. 16, 17, [19] [20] [21] The study of Shoshan et al. 15 described a significant reduction of daily life impairment by fecal incontinence after bowel management intervention. Finally, implementing a stepwise fecal incontinence treatment protocol improved fecal pseudo-continence and in parallel resulted in better socialization, less need for support by the caregiver and less negative emotional impact. 22 However, two studies reported RCE to be 'a daily burden' . In both studies, the time spent and the energy needed to perform RCE were perceived as a major obstacle. 17, 19 Noncompliance and non-motivation could be a result of dissatisfaction with the treatment choice. King et al. 12 reported a non-compliance rate of 28%.
Electrical stimulation
The studies on electrical stimulation are summarized in Table 2 . Due to different stimulation techniques and result reports, the studies are not comparable. Most studies (3/4) used the above stated definition of pseudo-continence. [23] [24] [25] Only the study of Kajbafzadeh et al. 26 used a less-strict pseudo-continence definition. The achieved pseudo-continence rate ranged from 50 24 to 70%. 25 An increased spontaneous stool frequency was reported by two studies. 23, 26 Only one study reported a 73% decrease of constipation. The study of Marshall and Boston 23 was the only double-blind randomized placebo-controlled trial reporting an important placebo effect (no actual data available).
Non-conservative, surgical bowel management
The studies are summarized in Table 3 . During a surgical procedure, the appendix (or ileum if appendix is not available) is used to create a catheterizable stoma. Besides using the appendix or creating a stoma a cecostomy can be made laparoscopically or percutaneously. A stoma or cecostomy can be placed both right-or left-sided. In this review, mainly results on right-sided stoma were found.
Most studies (10/17) on surgical bowel management or ACE used the strict definition for fecal pseudo-continence (no stool loss or stool loss less than once a month). 28, [30] [31] [32] [35] [36] [37] [38] [39] 43 Some studies (5/17) gave no definition for fecal pseudo-continence 27, 29, 33, 40, 41 or a less-strict definition. 42 One study evaluated incontinence with a 5-point Likert scale. 34 The reports on achieving fecal pseudo-continence using nonconservative bowel management varied from 60 (only adults) 43 to 94%. 35, 36 Again only the studies using the above-mentioned strict definition of pseudo-continence were used to calculate the overall effectiveness of non-conservative treatment. Fecal pseudo-continence was achieved in 81% (378/469). No study reported on constipation. The washout fluid used was saline in 4, 27,32,37,42 tap water in another 4 31, 35, 36, 39 and a combination of both in 2 studies. 34, 43 Five studies did 27 and 1500 ml (in adults). 43 The time spent for treatment was not reported in nine studies. [28] [29] [30] 33, 35, 36, [38] [39] [40] If reported, it varied from 30 27, 37, 43 to 50 min. 31, 32, 34, [41] [42] [43] Complications are an important issue in case of surgical treatment. The complication rate varied widely. It was not clear whether studies reported all complications in a comparable way. The follow-up time of the different studies is different, also leading to a different complication rate. The most frequently reported complications were stomal stenosis, wound infections and perforations. Redo surgery for complications varied from 5 29,38 over 10% 27, 36, 40 to an even higher rate of 30%. 28, 31, 32, 42 Overall redo surgery was necessary in 23% (142/616) of patients.
Comparison of the satisfaction rate was not attempted due to the differences in questionnaires and scales used. An improved satisfaction or a high satisfaction rate when using ACE was reported in six studies. [27] [28] [29] 31, 32, 38 One study described a significant improvement in anxiety, depression and bother of both caretakers and patients. 41 However, most studies report a drop-out rate of 5 29 to 30%. 38 This could be perceived as dissatisfaction of the used strategy. Lack of transition care is, as reported by one study, also an important reason for dissatisfaction. This issue was also reflected in a difference of pseudo-continence rate between children and adults as described in one study, with children achieving higher rates associated with stricter follow-up. 43 
DISCUSSION
Most studies included in the review report on case series or patient cohorts without controls and therefore no conclusions are drawn regarding best mode of treatment. Further on, data were collected retrospectively in most studies and only a few used standardized questionnaires. Follow-up since starting treatment varied widely. Only two randomized trials both on electrical stimulation were identified. One was a double-blind placebo-controlled study, including, however, a very small patient group without clear end points. Therefore, stating recommendations or drawing conclusions on the different types of treatments used is tentative.
The results indicated that several treatment strategies can achieve pseudo-continence. Large colon washouts, retrograde or antegrade (surgical), however, seem to provide the best overall outcome. The RCE-treated patient group (n ¼ 190) is smaller and has a shorter follow-up period compared with the patients treated by surgery. Despite the good pseudo-continence results, most authors state that surgery remains the final step in bowel management because of the amount of complications and drop-outs associated with this treatment modality. Some also consider ACE procedures in case of urological interventions. RCE, should be considered as a first-line treatment when both patients and parents are willing to invest in fecal pseudo-continence. Rigorous follow-up and problem solving in case of treatment failure with extra attention for transition care from adolescence to adulthood is of major importance in becoming and staying fecal pseudo-continent.
For all the treatment strategies used, the balance between successful therapy and the daily time investment will influence the compliance. Several studies tried to measure the impact of both fecal incontinence and treatment issues on social life and daily burden. The wide variety in disease severity as well as the multitude of health issues involved make the QoL measurement especially difficult.
Most centers use a stepwise and individually tailored protocol in the treatment of fecal incontinence with ACE surgery as a last step.
These programs are largely experience based and hardly evidence based. A common relevant definition of fecal pseudo-continence is needed to compare study results. In order to ameliorate results and gain insight into which treatment suits which patient, multicenter comparative trials will be needed in patients with comparable impairments, using standardized QoL outcome measurements. Cross-over trials are needed to compare the effect of different irrigation modalities in both RCE and ACE.
CONCLUSION
Irrigations both retrograde and antegrade are valuable treatment options in becoming fecal continent for SB patients. Surgery is currently used as final step in achievement of pseudo-continence. The burden of treatment can be important and should be accounted for. More research is needed to evaluate different techniques, long-term results of treatment and prediction of success or failure using clearly defined fecal pseudo-continence as a primary goal and standardized QoL evaluation as a secondary goal. Motivational support and strict follow-up of SB patients regarding fecal incontinence have an important role in the outcome.
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